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DIGITAL HIGH SPEED PROGRAMMABLE DELAYED LOCKED LOOP 

BACKGROUND OF THE INVENTION 
TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates generally to integrated 
circuits and more particularly to integrated delayed locked 
loops. 

DESCRIPTION OF RELATED ART 

[0002] As is known, delayed locked loops (DLL) are used 
for clock deskewing, i.e., taking a clock signal and 
producing multiple phased representations of the clock 
signal. For example, a DLL may produce a 90 degree phase 
shifted representation of the clock, a 180 degree phase 
shifted representation of the clock, and a 270 degree phase 
shifted representation of the clock. 

[0003] As is also known, a DLL may be implemented in a 
variety of ways. For instance, a fully digital DLL that 
produces a ninety degree phase shifted representation of a 
clock signal, a one hundred and eighty degree phase shifted 
representation of the clock, and a two hundred and seventy 
degree phase shifted representation of the clock includes 
four cascaded digital delay lines and a phase detection 
module. The first digital delay line receives, as its input, 
the input clock signal and, based on a control signal, 
produces the ninety degree phase shifted representation of 
the clock signal. The second digital delay line receives, as 
its input, the ninety degree phase shifted representation of 
the clock signal and, based on the control signal, produces 
the one hundred and eighty degree phase shifted 
representation of the clock signal. The third digital delay' 
line receives, as its input, the one hundred and eighty 
degree phase shifted representation of the clock signal and, 
based on the control signal, produces the two hundred and 
seventy degree phase shifted representation of the clock 
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signal. The fourth digital delay line receives, as its 
input, the two hundred and seventy degree phase shifted 
representation of the clock signal and, based on the control f 
signal, produces a three hundred and sixty degree phase 
shifted representation of the clock signal. 
[0004] The control module produces the control signal by 
comparing the input clock signal with the three hundred and 
sixty degree phase shifted representation of the clock 
signal. In general, the control module produces the control 
signal such that the three hundred and sixty degree phase 
shifted representation of the clock signal looks exactly like 
the input clock signal, but shifted by one period of the 
input clock cycle. 

[0005] To provide an accurate and flexible DLL, each 
digital delay line includes a plurality of buffers that have 
their data transition rates controlled to produce a plurality 
of delayed representations of the respective input clock 
signal. The DLL further includes a multiplexer coupled to 
output one of the plurality of delayed representations of the 
respective input clock signal as the respective phase shifted 
output clock signal . 

[0006] Due to the amount of circuitry required to 
implement each digital delay line and having four digital 
delay lines cascaded together, there is a finite limit as to 
the rate of clock signals it can deskew. For instance, if 
each digital delay line includes 128 taps and the DLL is 
implemented using 0.13 micron CMOS (Complimentary Metal Oxide 
Semiconductor) technology, the maximum rate of the input 
clock is about 500 MHz (mega Hertz) . 

[0007] Therefore, a need exists for a digital high speed 
(e.g., greater than 500 MHz) programmable delayed locked loop 
(DLL) . 

BRIEF SUMMARY OF THE INVENTION 

. [0008] The digital high speed programmable delayed locked 
loop (DLL) of the present invention substantially meets these 
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needs and others. In one embodiment, a digital high speed 
programmable delayed locked loop (DLL) includes a zero degree 
phase shift digital delay line, at least one intermediate 
phase shift digital delay line, a three hundred and sixty 
degree phase shift digital delay line, and a digital control 
module. The zero degree phase shift digital delay line is 
operably coupled to produce, from a clock signal, a zero 
phase shifted representation of the clock signal. The at 
least one intermediate phase shift digital delay line is 
operably coupled to produce, from a clock signal, an 
intermediate phase shifted representation of the clock signal 
based on an intermediate control signal. The three hundred 
and sixty degree phase shift digital delay line is operably 
coupled to produce, from a clock signal, a three hundred and 
sixty degree phase shifted representation of the clock signal 
based on a three hundred and sixty degree control signal. 
The digital control module is operably coupled to produce the 
intermediate control signal and the three hundred and sixty 
degree control signal based a phase difference between the 
zero phase shifted representation of the clock signal and the 
three hundred and sixty degree phase shifted representation 
of the clock signal. 

[0009] In another embodiment, a digital high speed 
programmable delayed locked loop includes a zero degree phase 
shift digital delay line, a first multiplexer, at least one 
intermediate phase shift digital delay line, a second 
multiplexer, a three hundred and sixty degree phase shift 
digital delay line, and a digital control module. The zero 
degree phase shift digital delay line is operably coupled to 
produce, from a clock signal, a zero phase shifted 
representation of the clock signal. The first multiplexer is 
operably coupled to output the zero phase shifted 
representation of the clock signal or the clock signal based 
on a mode of operation control signal to produce a first 
selected clock signal. The at least one intermediate phase 
shift digital delay line is operably coupled to produce an 
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intermediate phase shifted representation of the first 
selected clock signal based on an intermediate control 
signal. The second multiplexer is operably coupled to output 
the intermediate phase shifted representation of the clock 
signal or the clock signal based on the mode of operation 
control signal to produce a second selected clock signal. 
The three hundred and sixty degree phase shift digital delay 
line is operably coupled to produce a three hundred and sixty 
degree phase shifted representation of the second selected 
clock signal based on a three hundred and sixty degree 
control signal. The digital control module is operably 
coupled to produce the intermediate control signal and the 
three hundred and sixty degree control signal based a phase 
difference between the zero phase shifted representation of 
the clock signal and the three hundred and sixty degree phase 
shifted representation of the clock signal. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0010] Figure 1 is a schematic block diagram of a 
programmable logic device in accordance with the present 
invention; 

[0011] Figure 2 is a schematic block diagram of an 
embodiment of a digital high speed programmable delayed 
locked loop in accordance with the present invention; 
[0012] Figure 3 is a schematic block diagram of another 
embodiment of a digital high speed programmable delayed 
locked loop in accordance with the present invention; 
[0013] Figure 4 is a schematic block diagram of yet 
another embodiment of a digital high speed programmable 
delayed locked loop in accordance with the present invention; 
and 

[0014] Figure 5 is a schematic block diagram of a further 
embodiment of a digital high speed programmable delayed 
locked loop in accordance with the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0015] Figure 1 is a schematic block diagram of a 
programmable logic device 10 that includes programmable logic . 
fabric 12, an input/output section 14, and memory 16. The 
programmable logic fabric 12 may include one or more 
processing cores and programmable logic circuitry. Such 
programmable logic circuitry may include programmable logic 
arrays (PLA) , programmable array logic (PAL) devices, 
erasable programmable logic devices (EPLD) and/or 
programmable gate arrays (PGA) . The memory 16 may be block 
random access memory (BRAM) . The input/output section 14 may 
include a plurality of digital clock managers (DCM) and a 
plurality of multi -gigabit transceivers (MGT) . 
[0016] In an another embodiment of the present invention, 
the FPGA has a columnar architecture as described in co- 
pending U.S. patent applications "Columnar Floorplan" , by 
Steven P. Young, Application Serial No. 10/618,404 filed July 
11, 2003 and * Columnar Architecture" , by Steven P. Young, 
Application Serial No. 10/683,944 filed October 10, 2003, 
both of which are herein incorporated by reference in their 
entirety. 

[0017] The digital ' clock managers (DCM) provide various 
clock signals to the programmable logic fabric 12 and may 
further provide clock signals to the multi-gigabit 
transceivers. The multi-gigabit transceivers provide digital 
interfaces for the programmable logic fabric 12 to exchange 
data with components external to the programmable logic 
device 10. In general, the multi-gigabit transceivers 
provide serial to parallel conversion of received serial data 
and provide parallel to serial conversions for outgoing data. 
Further, the DCM may provide clock signals to memory, or 
other input/output modules, for double data rate and quad 
data rate accesses. 

[0018] Figure 2 is a schematic block diagram of a digital 
clock manager (DCM) that is implemented as a digital high- 
speed programmable delayed locked loop (DLL) 20. The digital 
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high-speed programmable DLL includes a 0° phase shift digital 
delay line 22, an intermediate phase shift digital delay line 
24, a 360° phase shift digital delay line 26 and a digital 
control module 28. Note that the intermediate phase shift 
digital delay line 24 may be a single digital delay line 
operably coupled to produce a 180° phase shifted 
representation of clock signal 30. Alternatively, the 
intermediate phase shift digital delay line 24 may include a 
plurality of intermediate digital delay lines to produce 
various phase shifted representations of clock signal 30. 
For example, the digital high-speed programmable DLL 20 may 
include 3 intermediate phase shift digital delay lines 24 as 
illustrated in Figure 3. 

[0019] Returning to the discussion of Figure 2, each of 
the digital delay lines 22-26 receive, as its input, clock 
signal 30. The 0° phase shift digital delay line 22 produces 
a 0 phase shifted clock signal 32 from the clock signal 30. 
In other words, the 0 phase shifted clock signal 32 is the 
clock signal 3 0 delayed by the propagation of the circuitry 
within the digital delay line 22. 

[0020] The intermediate phase shift digital delay line 24 . 
produces an intermediate phase shifted clock signal 34 from 
the clock signal 30 and from an intermediate control signal 
40. The 360° phase shift digital delay line 26 produces a 
360° phase shifted clock signal 36 from clock signal 30 based 
on a 360° control signal 38. 

[0021] The digital control module 28 determines a phase 
difference between the 0 phase shifted clock signal 32 and 
the 360° phase shifted clock signal 3 6 to produce the 
intermediate control signal 40 and the 3 60° control signal 
38. The objective of the control signals 38 and 40 is to 
maintain a desired phase relationship between the resulting 
clock signals 32, 34 and 36. As one of average skill in the 
art will appreciate, in one embodiment, the digital control 
module 28 may produce a single control signal that is 
provided to both the intermediate phase shifted digital delay 
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line 24 and the 360° phase shift digital delay line 26. By- 
having each digital delay line 22-24 producing its 
corresponding phase shifted clock output signal directly from 
the input clock signal 30, as opposed to cascading the 
digital delay lines, the rate of the input clock signal 3 0 
may be increased into the gigahertz range. 
[0022] Figure 3 is a schematic block diagram of the 
digital clock manager implemented as a digital high-speed 
programmable DLL 20 that includes the 0 phase shift digital 
delay line 22, a 90° phase shift digital delay line 24A, 180° 
phase shift digital delay line 24B, a 270° phase shift 
digital delay line 24C, a 360° phase shift digital delay line 
26 and the digital control module 28. In this embodiment, 
the 90° phase shift digital delay line 24A produces a 90° 
phase shifted clock signal 34A from the clock signal 30 based 
on the intermediate control signal 40. Similarly, the 180° 
phase shift digital delay line 24B produces 180° phase 
shifted clock signal 34B from clock signal 3 0 based on the 
intermediate control signal 40. Also, the 270° phase shifted 
digital delay line 24C produces a 270° phase shifted clock 
signal 34C from the clock signal 30 based on the intermediate 
control signal 40. The digital control module 28 produces 
the 360° control signal and/or the intermediate control 
signal 40 as previously described with reference to Figure 2. 
[0023] With each of the intermediate phase shift digital 
delay lines 24A, 24B and 24C generating their corresponding 
phase shifted output clocks directly from the input clock 
signal 30, the rate of the input clock 3 0 may be increased 
into the gigahertz range. 

[0024] Figure 4 is a detailed schematic block diagram of a 
digital high-speed programmable digital delay locked loop 
(DLL) 20 that includes the 0 phase shift digital delay line 
22, the 90° phase shift digital delay line 24A, the 180° 
phase shift digital delay line 24B, the 270° phase shift 
digital delay line 24C, the 360° phase shift digital delay 
line 26, and the digital control module 28. Each of the 
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intermediate phase shift digital delay lines 24A-24C have 
similar construct as illustrated with respect to the 90° 
phase shift digital delay line 24A. 

[0025] The 0° phase shift digital delay line 22 includes a 
load 50, a coarse multiplexer (128/1), a fine digital delay 
line 52, and a fine multiplexer (8/1). The load 50 provides 
an input impedance that substantially matches the input 
impedance of the 90° phase shifted digital delay line 24 and 
the 360° phase shifted digital delay line 26. The coarse 
multiplexer is coupled to provide the clock signal 3 0 
directly to the fine digital delay line 52 which again is 
tuned to pass the 0° phase shifted representation of clock 
signal 30 to the fine multiplexer. The fine multiplexer also 
outputs the 0° phase shifted representation of clock 30 to 
produce the 0 phase shifted clock signal 32. In one 
embodiment the fine digital delay line 52 includes 8 fine 
taps. The components in the 0° phase shifted digital delay 
line 22 are included to mimic the propagation delays and 
loading that the other digital delay lines provide in 
producing their corresponding phase shifted output clocks. 
[0026] The 90° phase shift digital delay line 24A includes 
a coarse digital delay line 54, a coarse multiplexer (128/1) , 
a fine digital delay line 56 and a fine multiplexer (8/1) . 
The coarse digital delay line 54 includes a plurality of 
buffers that are tapped and serve as inputs to the coarse 
multiplexer. The number of taps may range from 16 to 256. 
In one embodiment, the coarse digital delay line 54 includes 
128 taps. The rate at which the buffers operate is 
controlled via a control signal produced by the digital 
control module 28. Accordingly, based on the phase 
relationship between the 0 phase shifted clock signal 32 and 
the 360° phase shifted clock signal 36, the digital control 
module 28 may set the propagation delays of the coarse 
digital delay line 54. In addition, based on the phase 
representation between the 0 phase shifted clock signal 32 
and 360° phase shifted clock signal 36, the digital control 
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module 28 generates a control signal that is provided to the 
coarse multiplexer which selects one of the taps of the 
coarse digital delay line 54 as its output. 

[0027] The fine digital delay line 56 receives the output 
of the coarse multiplexer and produces a plurality of delayed 
representations thereof. The fine multiplexer, based on the 
control signal produced by the digital control module 28, 
outputs the 90° phase shifted clock signal 34A. 
[0028] The 360° phase shift digital delay line 26 includes 
a coarse digital delay line 58, a coarse multiplexer (128/1) , ; 
a fine digital delay line 60, and a fine multiplexer (8/1) . 
The functionality of the coarse digital delay line 58, coarse 
multiplexer, fine digital delay line 60 and fine multiplexer 
are similar to the operations of the corresponding elements 
in the 90° phase shifted digital delay line 24A. 
[0029] Figure 5 is a schematic block diagram of another 
embodiment of the digital high-speed programmable DLL 20 that 
includes a plurality of multiplexers (MUX), the 0° phase 
shifted digital delay line 22, the intermediate phase shift 
digital delay line 24, the 360° phase shift digital delay 
line 26 and the digital control module 28. The multiplexers, 
which are controlled via the digital control module may be 
set such that the digital high-speed programmable DLL 
operates as previously described with reference to Figure 2 
such that each of the digital delay lines 22-26 generate . 
their corresponding phase shifted clock signals directly from 
the clock signal 30. 

[0030] In an alternative implementation, the digital 
control module 26 may enable the multiplexers such that the 
input for the intermediate phase shifted digital delay line 
24 is the output of the 0 phase shifted digital delay line 
22. Further, the input for the 360° phase shift digital 
delay line 26 may be the output of the intermediate phase 
shift digital delay line 24. Such a configuration provides 
legacy compatibility with previous implementations of 
programmable logic devices. 
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[0031] As one of average skill in the art will appreciate, . 
the term "substantially" or "approximately" , as may be used 
herein, provides an industry-accepted tolerance to its 
corresponding term. Such an industry-accepted tolerance 
ranges from less than one percent to twenty percent and 
corresponds to, but is not limited to, component values, 
integrated circuit process variations, temperature 
variations, rise and fall times, and/or thermal noise. As 
one of average skill in the art will further appreciate, the 
term "operably coupled", as may be used herein, includes 
direct coupling and indirect coupling via another component, , 
element, circuit, or module where, for indirect coupling, the 
intervening component, element, circuit, or module does not 
modify the information of a signal but may adjust its current 
level, voltage level, and/or power level. As one of average 
skill in the art will also appreciate, inferred coupling 
(i.e., where one element is coupled to another element by 
inference) includes direct and indirect coupling between two 
elements in the same manner as "operably coupled". As one of 
average skill in the art will further appreciate, the term 
"compares favorably", as may be used herein, indicates that a 
comparison between two or more elements, items, signals, 
etc., provides a desired relationship. For example, when the 
desired relationship is that signal 1 has a greater magnitude 
than signal 2, a favorable comparison may be achieved when 
the magnitude of signal 1 is greater than that of signal 2 or 
when the magnitude of signal 2 is less than that of signal 1. 
[0032] The preceding discussion has presented a digital 
high-speed programmable delayed locked loop that may have the 
input clock adjusted and the deskewing of the clock adjusted 
to produce the desired phase shifted representations of the 
clock signal. In addition, by having each phase shifted 
output clock signal being directly generated from the input 
clock signal, the rate of the input clock signal may be in 
the gigahertz range or above. As one of average skill in the 
art will appreciate, other embodiments may be derived from 
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